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The Total Ionisation of Various Gases hy the a-Rays of Uranium* 

By T. H. Laby, 1851 Exhibition Keseareh Scholar of the University of 

Sydney ; Emmanuel College, Cambridge. 

(Communicated by Prof. J. J. Thomson, F.R.S. Received February 28, — Read 

March 14, 1907.) 

The first experiments on the total relative ionisation produced by the 
Becquerel rays from uranium oxide were made by Prof. Rutherford.t With 
a brass ball of l*l-cm. radius coated with uranium oxide placed inside 
a metal coated bell-jar of 6'5-cm. radius for containing the gases, the ball 
being connected to an electrometer and the bell-jar raised to a potential 
of 800 volts, he found the following values for the total ionisation : — 

Air == 100, hydrogen 95, oxygen 106, carbonic acid 96, coal gas 111, 
hydrochloric acid gas 102, ammonia 101. 

An investigation of the conductivity of gases under the action of Becquerel 
rays was next made by the Hon. R. J. Strutt,| using, among other agents, the 
easily-absorbable a-rays from barium radium carbonate, polonium, and 
a uranium preparation. He obtained for the relative conductivities the 
following values, which are proportional to the densities of the gases, except 
in the case of hydrogen : — 



Gas. 


Relative 
density. 


Relative conductivity. 


i 
Radium rays, 


Polonium rays. 


Uranium 
rays. 


absorbable type. 


I. 


II. 




0-069 
1-00 

1 '53 
1*86 
2-19 
4-32 
5-05 
5*31 


0-218 
1-00 

1-92 
3*74 


0-226 

1-00 

1-16 

1-54 

1-94 

2*04 

4 *44 

3-51 

5*34 


0*219 

1-00 

2-03 
3-47 


0-213 
1-00 

2-08 
3 55 










Carbon tetrachloride 

! 



* The results of this investigation have been briefly stated by Prof. J. J. Thomson in 
his ' Conduction of Electricity through Gases,' 2nd edition, p. 369, October, 1906. 
f 'Phil. Mag.,' vol. 47, p. 136, January, 1899. 
J 'Phil. Trans.,' A, vol. 186, p. 507 (1901). 
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Experimental Methods. 

Uranium oxide, UsOs, was selected as a source of a-rays for several 
reasons. Madame Curie has shown it to be of very constant activity; 

0*9947( = 1 — 000/4 x— <) of the ionisation in a slab of 4 cm. of air over 

^ 5*7 

a film of 0*0012 gramme per square centimetre is produced by the 
a-particles* ; the range of its a-particle was believed to be short, which 
meant smaller total voltages would be required to obtain a saturation 
current ; and finally uranium has no emanation, the cause of experimental 
difficulties with radium. 

Apparatus. — The ionisation vessels were two similar cylindrical brass 
vessels, one of which is drawn to scale in fig. 1. 




The brass top A was fastened by means of screws, an indiarubber washer 
made a gas-tight joint. The disc electrode E, attached to a rod passing 
through the guard ring insulator I of vulcanite, could be placed at a desired 
distance from the disc D which was coated with 0*0067 gramme per square 
centimetre of the dark-green oxide, TJ3O8. The joints in I were made gas- 
tight with shellac. 

* Kutherford and Grier, * Phil. Mag./ p. 315, September, 1902. 

p 2 
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In order that the results obtained should be, as far as possible, independent 
of the electrometer, a null method for measuring the total ionisation was 
at first tried. The electrode E of the standard air vessel C, and the similar 
electrode E' of a vessel C containing the gas under examination were 
connected to the Dolezalek electrometer. One vessel was connected to 
-f 400 volts, the other to —400 volts, and the excess (or defect) of the 
current from G* over that from the standard O was measured. But a 
passable concordance in successive observations (with the conditions 
unchanged) was not obtainable either when the rate of deflection of the 
electrometer was observed or when the electrometer was allowed to charge 
up for a definite time, or when a Wilson tilted electroscope was substituted 
for the electrometer. The cause of this want of concordance in the observa- 
tions could not be found, and appeared not to be due to imperfect shielding, 
or the keys, etc. The electroscope was quite free from irregularities when 
directly tested. The null method was consequently abandoned, and the 
apparatus was arranged as shown in fig. 2. 



To earth 




J* IGL Zi> 



The ionisation vessels (already described) were used and could be alter- 
nately connected to the Wilson electroscope F. The vapour or gas> 
nerated in GL entered the vessel C through T and passed out through T', 



ge 
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which was connected with a large glass vessel V, to a mercury-pressure 
gauge, and to a pump. For adjusting the pressure in C there were clips at 
1/ and L. B represents a set of 500 (in some experiments 900) small lead 
accumulators with the positive terminal earthed. The wires W, W' for 
connecting the electrodes E and E' to the mercury cup M attached to the 
gold leaf of the electroscope F were made as short as possible, and passed 
through brass tubes S, S' connected to earth. 

Method of using Electroscope. — With the leaf of the electroscope to earth, 
a small adjustment, if necessary, of the potential of the charged plate was 
made by means of the potential wire F till the leaf was exactly at the 
zero of the reading microscope scale. To determine the amount of 
ionisation in either of the vessels, the electrode E of the vessel was 
connected to the gold leaf through the mercury cup M, and the time taken 
between when the connection to earth of the mercury cup was broken and 
when the leaf (rapidly) passed the last division of the scale. The constancy 
of the sensitiveness of the electroscope was checked by means of the 
standard vessel, which, being undisturbed, gave a constant current. The 
following readings, obtained with the standard vessel, show the agreement of 
successive observations — 

1.5.06 50 scale divs. 36*3, 35*8, 36*4, 36'5 sees. Mean, 36*2 sees. 

2.5.06 „ „ 36-3, 36-6, 361 sees. Mean, 36*3 sees. 

11.5.06 33-6, 33-6, 33'6, 33*6 sees. 

14.5.06 337, 33-5 sees. 

With air in the vessel C, E' was connected to the electroscope and the 
ionisation measured. Then, when a gas was under examination, it was passed 
for an hour or more through C to completely displace the air from it ; when a 
vapour was under examination, the vessel C was exhausted to a pressure of a 
few centimetres of mercury, and the vapour from the volatile liquid was boiled 
through. The pressure in the vessel was kept constant by means of the clips 
at L' and L and the large exhausted glass globe. With the electrode, the U3O8, 
and the voltage undisturbed, the ionisation in the gas or vapour was deter- 
mined. The gas was swept out by air and the ionisation again measured. 
The ratio of the ionisation of the gas to the mean of the two air values gave 
the relative ionisation. 

Range of the a- Particle from Uranium. 

This range, which had not been estimated when the experiments were 
begun, determines the least distance allowable between the plates E' and D', 
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if there is to be complete absorption of the a-rays in the intervening gas. 
Since a high E.M.F. is necessary in order to obtain a saturation current, it is 
desirable to have this distance as small as complete absorption will allow. The 
thickness of the air ionised by the uranium oxide disc was actually found by 
slightly indirect method. With the plates at a fixed distance apart, the 
ionisation with air between them was observed at several pressures. Since 
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Pressure-current curves for air, 



the stopping power of a gas varies as the pressure, this was equivalent to 
observing the ionisation at several distances between the plates, but has the 
distinct advantage that the electrical capacity of the apparatus is not sensibly 
different in different experiments. The results of two experiments with the 
electrode E at 6 cm. from the uranium and one with it at 4 cm. are plotted 
in curves 1, 2, and 3 ; in each case the vessel was at —1000 volts. The unit 
of current is different for each curve. The approximate pressures at which 
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the ionisation begins to decrease and (assuming the proportionality of 
stopping power and pressure) the equivalent distances in air at 760 mm. are 
as follows : — 



Distance 
between plates. 



Curve. 



Decrease of 
ionisation at— 



Equivalent 
distance. 



cm. 
6 
6 

4 



1 
2 
3 



mm. 
380 
360 
290 



cm. 
3*0 
2*8 
2-63 



From these curves it was concluded that a slab of air at 760 mm., 4 cm. 
thick, was more than sufficient to completely absorb all the a-rays from 
uranium. With other gases, the distance between the plates, and the 
pressure were so adjusted as to give a stopping power equivalent to 4 cm. 
of air. That this is sufficient is confirmed by Prof. Bragg,* who has recently 
found that the range of the a-particle of uranium is very nearly equal to that 
of the a-particle of radium, i.e., 3*5 cm.f While these curves show the 
minimum distance allowable between the plates, a consideration of the 
distribution of the ionisation above the layer of uranium oxide used shows 
that the range could not be found with any accuracy from them. 

Saturation Voltage. 

As it is necessary in determining the total ionisation to use a saturation 
current, the voltage per centimetre giving this had to be known. For air, 
nitrous oxide, and sulphur dioxide, the current-voltage per centimetre 
curves are given in curves 4 and 5, and portions of similar curves for 
NH 3 , (C 2 H 5 ) 2 0, C 5 H 12 , C2H5CI and CH3.CHO. The dotted portion of the 
curve for air between 215 and 260 volts per centimetre was obtained in a 
separate experiment to the rest of the curve. While 130 volts per centimetre 
give a saturation current in air, the curve for sulphur dioxide shows that this 
gas is not saturated with 600 volts per centimetre. 

The tables on p. 212 state the values from which the curves have been 

drawn. 

Source of Gases. 

The nitrous oxide used was obtained from a partially emptied cylinder of 
the compressed gas. 

The ammonia (from a cylinder) was dried by being passed over solid 
potassium hydroxide. 

* * Trans. Eoy. Soc. South Australia,' vol. 29, p. 16, April, 1906. 
+ Bragg and Kleeman, * Phil. Mag.,' p. 318, 1905, 2. 
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Volts per centimetre. 



Current. 



Volts per centimetre. 



Current. 



Air at atmospheric pressure. 



13 

27 

69 
125 



I 



18*5 

22*4 
24-4 
27-0 

23*75 



I 



98 
116 
123 
139 

138 



28 '6 
29*6 
28*6 
29*8 

23*81 



215 | 27*3 | 260 | 27*3 

Voltage used in total ionisation experiments was 130 — 600 volts per centimetre. 



7 
13 

34-5 
50 
73 
98 



Nitrous oxide at atmospheric pressure. 

143 



5*6 
13*0 

17*4 
18*4 
20*1 

22*0 



103 
126 
143 



23*2 



20*0 
20*5 
20*7 



Voltage used in experiments on total ionisation was 140 volts per centimetre. 

Sulphur dioxide at 765 mm. pressure. 



46 
125 
266 



20*8 
25*5 
29*6 



466 
533 

600 



33*1 

34*0 
34*7 



Voltage used in experiments on total ionisation was 600 volts per centimetre with S0 2 at 

500 mm. press. 



200 



100 
150 



260 



200 



280 
320 



Pentane at 220 mm. pressure. 

1-48-6 | 250 

Voltage used = 200 — 250 volts per centimetre. 

Ammonia at atmospheric pressure. 

43 *5 200 

47 -9 

Voltage used = 320 — 360 volts per centimetre. 

Ethyl ether at 210 mm. pressure. 

| 34*4 I 330 

Voltage used = 250 volts per centimetre. 

Aldehyde at 380 mm. pressure. 

| 34*9 | 250 

Voltage used = 200 volts per centimetre. 

Ethyl chloride at 270 mm. pressure. 

51 -8 360 

52*4 

Voltage used, 360 at 208 mm., equiv. to 540 at 300 mm. 



48*8 



48*1 



34*3 



34*8 



52*9 



1907.] Various Gases by the a-Rays of Uranium. 







50 

1/OLTS PF.R CM. 




60 ISO 

l/QLTS P£f? CM, 



214 



Mr. T. H. Laby. The Total } Ionisation of [Feb. 28, 



The carbon dioxide was from a cylinder. 

Sulphur dioxide from the liquefied gas in a glass syphon was passed 
through a long drying tube of sulphuric acid into the ionisation chamber 
which had been previously filled with dry air, in order to avoid fumes of 
sulphurous acid. 

The acetylene obtained from calcium carbide and water was dried with 
sulphuric acid. 

The methyl bromide, ethyl chloride, ethyl ether, pentane, and aldehyde 
were the preparations of Kahlbaum, and were fractionally distilled through 
the ionisation vessel, which had been exhausted to a low pressure (about 
10 cm.) before the vapours were admitted. In this way the liquids were 
purified and the air intially present in the ionisation vessel removed. The 
presence of 4 per cent, of air as impurity in pentane vapour would be 
necessary to affect the amount of ionisation to 1 per cent. 

The ionisation of each gas, as already mentioned, was found by deter- 
mining the total ionisation, first with air in the vessel, then with the gas in it,, 
then in nearly all cases with air again. Thus direct comparisons with air 
were made. 

Experimental Results. 

Details are given in the following table for each gas examined, of its 
pressure, the distance between the uranium oxide and the electrode above it r 
the effective stopping power of the intervening gas at that pressure compared 
with a slab of air 1 cm. thick at 760 mm. and, finally, the relative total 
ionisation compared with air = 1. 



Gas. 


Pressure. 


Distance 

between 

plates. 


Effective 

stopping 

power. 


Yolts per 
centimetre. 


Total 
ionisation* 


Nitrons oxide 


760 

755 

760 

760 

763 
200—290 

283 
200—210 

371 

250 

500 


cm. 
4 
6 
5 
3 

3-5 
4 
5 
4—3 
4 
5 
3 
! 


4-0 

8-7 

4 *4 

4-5 

3-8 
3 -8—5 -5 

3-5 
3 -6—2 -8 

4*08 

3*88 

3-7 

• 


140 

360 

130 

228 
200—250 

200 
250—330 

250 

360 

600 


1-00 
0-99 


Methyl bromide 

Ethyl chloride 


0-90 

1-03 

1-27 

1-345 

1*05 

1-29 

1*02 

1*18 




-94) 



* The voltage for sulphur dioxide, 600 volts per centimetre, did not give a saturation current,, 
Mr. Kleeman has examined this gas by Prof. Bragg's method (see later), and found with 

1500 volts per centimetre. E . I = x 2*01 «= 1*18. 

1 J 1-70 
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It is necessary to consider the magnitude of two possible corrections to the 
above results : the one is the correction arising from the fact that some of the 
a-partieles from the edge of the uranium disc strike the walls of the vessel 
and their ionising power is only partly spent in the gas, the other is the 
ionisation due to /3- and 7-rays from the uranium. 

When the pressure of a gas in the ionisation vessel was such that its 
Effective stopping power was the same as that of the air with which it was 
compared, then it can be said from the investigations of Prof. Bragg and 
Mr. Kleeman that the range and velocity of all the a -particles, including the 
ones which strike the sides of the vessel, were unchanged when the gas in 
the vessel was replaced by air and. the ionisation s found could be strictly 
compared. The effective stopping powers, however, of the gases were not in 
all cases the same as that of air at atmospheric pressure, as is shown below. 



Effective Stopping Powers. 



Gas. 



Pressure used 

in millimetres, 

p. 



Stopping power, j Effective 



at 760 mm. j 
air~l. 



stopping power, 
at pressure p. 



Nitrous oxide .... 

Ammonia 

Carbon dioxide . 

Acetylene 

Pentane 

Acetaldehyde .... 

Ethyl ether 

Methyl bromide 

Ethyl chloride 

Sulphur dioxide 



•••••• 



755 

760 

760 

768 
200—290 

283 
200—210 

371 

250 

500 



1 


•46* 





•89 cal. 


1 


47 


1 


11 


3 


59 


1' 


88f 


3 


•40 


2- 


09 


2 


36 


!■ 


70f 











1-46 
0*89 
1*47 
1*11 
•94—1 -37 
0-7 

9—0 -94 
1-02 
0-78 
1-12 



* < Phil. Mag./ May, 1906. 

f Unpublished determination by Mr. Kleeman. 

With nitrous oxide (stopping power 1*46) at atmospheric pressure in the 
ionisation vessel, some of the a-particles from the edge of the uranium disc 
with paths directed towards the sides would spend more of their ionising 
energy in this gas than they would spend when the vessel contained air. 
The proportion of these a-particles to the whole number must be small from 
the evidence of the experiments given on p. 216, in which the pressure of the 
gas was varied within certain limits, and thus also the effective stopping 
power, and yet no certain change in the ionisation was observed. 

From these experiments it is seen that the correction under consideration 
is so small that it only certainly appears in the case where the stopping 
power was doubled (the second of the air results on p. 216). In the total 
ionisation experiments, only in the case of N" 2 and C0 2 was the effective 



216 



Mr. T. H. Laby. The Total Ionisation oj [Feb. 28, 



G-as. 


Pressure 

in millimetres 

of Hg. 


Effective stopping 
power. 


' "" "" ' ' i 

1 
Ionisation. 


Methyl bromide ... \ 


752 
505 
760 
380 

220 
270 

280 
372 
410 


0-99 

0-66 

1-0 

0-5 

1-04 

1 -27 - ; 

1*18 

1-32 

1'02 

1-13 


37*5 
37*2 

25-9 
25*0 
48-8 
48 *8 
48 *6 
48-6 
44*6 
44 *8 



stopping power of the gas different by as much as 40 per cent, from the air 
with which the ionisation of these gases was compared. For such a difference 
of stopping power the correction would be, from the analogy of the first air 
results above, not more than 0*7 per cent., or of the same magnitude as the 
experimental error of a determination of ionisation. In the case of the other 
gases the correction was smaller. 

The ratio of the ionisation in a layer of air 4 cm. thick due to the /3-rays 
to the ionisation due to the a-rays from the U3O8 disc used may be found 
thus. The intensity I of the /3-rays from a layer of uranium oxide, of 
thickness d, is given by the relation 

I = Io(l -*-**), 

where I is the intensity of the /3-rays from a very thick layer, and X 

divided by the density of the uranium oxide is 6*3. This gives for the 

layer of uranium oxide of 0*0067 gramme per square centimetre used in the 

experiments of this paper 

I = 0-041 1 . 

lS T ow Eutherford and Grier* determined the relative amount of ionisation 

produced in a slab of air 5*7 cm. thick by the /3- and a-rays from a layer of 

uranium of 0*0012 gramme per square centimetre, and found the ionisation 

due to the /3 to be 0*0074 of that due to the a-rays. 

For this layer 

I = 0-0079 1 . 

Thus the /3-rays from the thicker layer have 5*2 times the intensity of 
those from the thinner layer. By plotting the values found by Eutherford 
and McClungf for the saturation current from a varying thickness of 
uranium oxide, it is found that the ionisation due to the a-rays of the 

* -Phil. Mag./ p. 315, September, 1902. 
t ' Phil. Trans.,' A, vol. 196, p. 25, 1901. 
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thicker of the above layers is 3*1 times that due to the thinner. Thus 

5-2 x 0*0074 n^« A „ , . . . , , 

oTj = 0'0124 oi the lonisation produced by the thicker layer 

(0*0067 gm./cm. 2 ) is due to /3-rays. 

And since the relative ionisations produced by /3-rays in different gases 
are very similar to those of the a-rays, this 1*2 per cent, of /3-ionisation gives 
rise to a negligibly small correction. 

The 7-rays produce less ionisation than the /?, so need not be considered. 

Comparison of Ionisations due to a- Uranium- and Radium Bays. 

Since this research was concluded, Prof. Bragg has published* the results 
of his work "On the Ionisation of Various Gases by the a-Particles of Kadium." 
He found the total relative ionisation * 

by a method essentially different to 
the one used by the writer. It is 
based on the following considerations. 
When the ionisations in air, produced 
in a shallow (3 mm. deep) horizontal 
chamber by the approximately vertical 
rays obtained when a grid of narrow 
vertical tubes is placed over radium 
bromide, are plotted against distances 
from the radium film, a curve of this 
kind is obtained. 

Prof. Bragg shows that changing the 
pressure, temperature, or gas alters 
the curve so that " the ordinates are 
multiplied by some factor, and all the 
abscissae divided by the same factor," 
so that the product E x I of the 
coordinates of a point such as P (where 
the top portion of the EaA curve 
meets the side of the EaC curve — a 



1 



I 

i 

i 






^ 




point readily found) is proportional to 
the area of ABPCD, i.e., to the total 
ionisation produced by the EaC. 
Prof. Bragg has found the value of 
E.I for a number of gases. This 

method seems to be more complicated, and to be based on more assumptions 

* l Trans. Eoy. Soc. South Australia,' vol. 30, October, 1906. 



Current 
Fig. 3. 
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than the one used by the writer ; but it has the great advantage for gases 

requiring a large saturation voltage (such as sulphur dioxide and ethyl 

chloride) that this voltage can be more readily obtained by using it. 

The following is a comparison of the total ionisation due to a-particles 

found for the gases done in common by Prof. Rutherford, Prof. Bragg, and 

myself : — 

Total Ionisation due to a-rays. 



as. 


Eutherford. 
Uranium. 


Author. 
Uranium. 


— "- — — " l f 

Bragg. 
Eadium C. 


Air 


1-00 

1-01 

0-96 


1-00 

0-99 

0-90 

1-03 

1-27 

1*345 

1-29 

1-18 


1-00 
1-05 

1-08 
1-26 
1-35 
1-31 
1-30 


Nitrous oxide 


Petitane 


Ethyl ether 


Ethyl chloride. , 



The writer's values for C0 2 and N 2 may be less than the true values, for 
these were the first gases tested, and not quite sufficient voltage was available 
to obtain a fully saturated current. 

It is evident from the table that the relative total ionisation is inde~ 
pendent of the range and initial velocity of the a-particles producing it, for 
the RaC a-particle has probably double the range of the uranium one. The 
agreement of the results of two such different methods of measurement as 
those of Prof. Bragg and the writer is of interest. 

The Density Bale. 
When the details of the Hon. R. J. Strutt's experiments are considered, it 
appears that his conductivity of a gas divided by its stopping power gives 
approximately the total ionisation for that gas. As he found the con- 
ductivity of a gas was proportional to the density, we have 

h = p/s, 

where I* is the total relative ionisation, p the density, and s the stopping 
power of the gas. On comparing the total ionisation calculated in this way 
with the ionisation found in the writer's experiments, there is seen to be little 
agreement. 

Since the total ionisation 1^ is the ionisation in a slab of given area of the 
gas under consideration of thickness equal to the range R of the " a-particle in 
that gas, then the ionisation per unit volume I is I t . 1/R, or I t .s, where s is 
the stopping power, the reciprocal of the range R. Further, on account of 
the similarity of shape of the ionisation-distance curves for different gases, 
which has been shown to exist by Bragg, the ionisations per unit volume I 
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G-as. 



Density 



Formula. 



Stopping power. 



Experimental 
s. 



Calculated 
by square 
root rule. 



Total ionisation. 



Found 
It. 



Calculated 

by Strutt's 

rule, lt~pjs. 



Air (standard) ... 

Nitrous oxide 

Ammonia 

Carbon dioxide ... 

Acetylene ...... < 

Pentane 

Acetaldeliyde ... 

Ethyl ether 

Methyl bromide 
Ethyl chloride 



1 
1 

1 




00 

52 

59 

53 

97 

'905 cal. 
2*50 

53 cal. 

67 

31 cal. 

22 



1 
2 
3 
2 



NoO 
NH 3 
C0 2 
C 2 H 2 

C 5 H 12 

CH3.CHO 

(C 2 H 5 ) 2 

CH 3 .Br 

GgHjj.Cl 



1-00 


1-00 


1-00 


1 -46 


1-52 


0-99 


— 


0-89 


0*90 


1-47 


1-51 


1-03 


I'll 


1-17 


1-27 


3-59 


3-86 


1*345 


1-88 


1-96 


1-05 


3*40 


3-67 


1-29 


2-09 


2*03 


1-02 


2-36 


2*31 


1-18 



1*00 
1-04 
0-66 
1-05 

0*87 

0-71 
0-82 
0-78 
1*58 
0-94 



obtained in this way are comparable, for they are the ionisations for equal 
velocities of the a-partiele. On account of the equality of the number of 
molecules in unit volume of different gases under similar conditions, this I is 
also the " specific molecular ionisation," as Bragg has pointed out. Kleeman 
has suggested it is an additive atomic property, and Bragg that it is 
approximately proportional to the volume of the molecule ionised. The 
agreement of these views with the writer's results will be seen from the 
following table: — 



Gas. 

• 


Total 

ionisation 

I* 


Stopping 

power 
,? = 1/E. 


Specific 
molecular 
ionisation, 
or ionisation 
per cubic 
centimetre, 
Ht . * = I. 


Calculated 

specific 

molecular 

ionisation 

by additive 

rule of 
Kleeman. 


Molecular 
volume. 


Molecular 
volume. 

Specific 
molecular 
ionisation. 


Air 

N 2 

JSTH 3 

C0 2/ 

C 2 H 2 

C 5 H 12 

CH 3 .CHO 

(C 2 H 5 ),0 

CH 3 .Br 

C52H5.CI 

CC1 4 


' 1*0 
0-99 
0*90 
1*03 
1*27 
1*345 
1*05 
1*29 
1*02 
1*18 


1*0 

1*46 

*89 cal. 

1*47 

I'll 

3*59 

1*88 

3-40 

2*09 

2-36 


1*0 

1*45 

0*80 

1*51 

1*41 

4*83 

1-97 

4*39 

2*13 

2-78 

5 *28f 


1*00* 

1 -45* ■ 

1*34 

1*50* 

1*16 

4-83* 

2-17 

4*45 

3*24 
5 *28* 


19 -1 cal. 

30 -6 cal. 

32 -0 cal. 
115-0 

56-0 
104-0 

55-0 

69-0 


23-9 
20-3 
22-7 
23*8 

28*4 
23-7 

25-8 
24-8 



# These values were used to find the atomic ionisations C = *3, H — *28, 1ST = *5» 
O-O *45, CI = 1 *24. 

f Bragg, ' Trans. Roy. Soc. South Australia,' vol. 30, 1906. This gives for the atomic ionisation 
€1 = 1 *24. 

I wish to express my indebtedness to Prof. J. J. Thomson for having 
suggested this investigation, and for his kind and inspiring interest. 



